Introduction
Sedimentary rocks of Paleocene age are exposed in the eastern United States in the Atlantic Coastal Plain from New Jersey to South Carolina, and the Gulf of Mexico Coastal Plain from Georgia through Texas (Fig. 1) . Unfortunately, the spottiness of unweathered Paleocene outcrops throughout this region, the wide range in lithologies (and associated paleoecologies), and the relatively poor collection record have resulted in the lack of comprehensive studies of the macrofaunas of these deposits. This is particularly true of the echinoid faunas.
The Paleocene was a period of transition in echinoid faunas, with retention of a distinctly Cretaceous character and only a few tantalizing glimpses of the genera that came to dominate the remaining Cenozoic. Only the echinoid fauna of the late Paleocene (Thanetian) Vincentown Formation of New Jersey (Fig. 2) has been fairly well known until now, and it has long been recognized as more closely resembling the faunas of the Late Cretaceous than those of the post-Paleocene Cenozoic (Cooke, 1959) . This study, following new collection, curation, and taxonomic re-evaluation of Paleocene echinoids from the Gulf of Mexico Coastal Plain as well as additional material from the Vincentown Formation, is a comprehensive look at their diversity and general biogeography within the eastern United States.
The Paleocene echinoids of the Gulf Coast are a more diverse group than previously documented, with cidaroids, salenioids, temnopleuroids, phymosomatoids, arbacioids, holasteroids, cassiduloids, and spatangoids. No evidence of clypeasteroids has been found in any Gulf Coast sediments older than Ypresian (early Eocene). The 21 species of echinoids reported in this study are distributed unequally in the Paleoceneage rocks of the eastern United States (Fig. 3) . Six of these are strictly early Paleocene age (Danian), nine strictly late Paleocene age (Thanetian), five range throughout the Paleocene (one of these, Plagiochasma cruciferum, possibly ranging from the Late Cretaceous of Delaware), and one previously reported Paleocene species (Diplodetus moscovensis) is most likely a strictly Cretaceous species.
None of the 21 listed species ranges into sediments younger than Paleocene. Only four nominal species of early Eocene (Ypresian) echinoids are known from the eastern United States. These include an unidentified hemiasterid from the Nanjemoy Formation, Evergreen, Prince George County, Virginia (Zachos and Levin, 2010) , Linthia hollandi Barry (in Barry and Le Blanc, 1942) from the Sabinetown Formation, Pendleton Bluff, Sabine County, Texas, Eurhodia elbana Cooke, 1942, and Fibularia texana (Twitchell, in Clark and Twitchell, 1915) , both from the Bashi Formation, below the dam south of Elba on the Pea River, Coffee County, Alabama. This abrupt loss of diversity and turnover in the echinoid genera and species coincides with the Paleocene/Eocene Thermal Maximum (Zachos, et al., 2001) . Echinoid diversity increased during the middle and late Eocene (Lutetian, Bartonian, and Priabonian) in the region, marking the recovery of echinoid faunas following this significant climatic event and the loss of many of the holdover genera of the Cretaceous. a calcareous unit (Tehuacana Limestone, Danian) localized in Falls and Limestone counties, the Paleocene is primarily a siliciclastic unit in central Texas, becoming more calcareous near the border with Mexico (Gardner, 1933) .
In New Jersey, Paleocene echinoids are known only from the Vincentown Formation (Cooke, 1959) . The age of the Vincentown Formation, based on calcareous nannoplankton, ranges from Zone NP5 to NP9 (Bybell, 1992) , or Selandian to Thanetian (Berggren and Pearson, 2005) . The calcareous facies of the Vincentown is echinoid-bearing. This facies is bioclastic and composed primarily of bryozoan and other skeletal debris. Echinoid spines are known from the calcareous glauconitic sands of the Aquia Formation (also Thanetian in age) of Virginia and possibly Maryland (Zachos and Levin, 2010) .
The global Paleocene Series stages (Danian, Selandian, and Thanetian) are all represented in the Gulf of Mexico Coastal Plain by the Midway group and lower part of the Wilcox Group. The Midway Group comprises predominantly marine deposits. The upper units become progressively more terrigenous in character in the western Gulf of Mexico region, where they are overlapped by the deltaic sands of the Wilcox Group of late Paleocene (Thanetian) and early Eocene (Ypresian) age (Davidoff and Yancey, 1993) . In the eastern Gulf of Mexico region, the Wilcox Group is more commonly represented by marginal-marine deposits. In southwestern Georgia and southern Alabama echinoids are common in the calcareous portions of the Clayton Formation, which ranges from Zone NP1 to NP2 (Danian). The Clayton is characteristically a coarse bioclastic limestone composed of bryozoan, algal, and other skeletal debris in Georgia and eastern Alabama; a fine-grained, somewhat chalky limestone in central Alabama; and a mix of calcareous glauconitic sand, sandy bioclastic limestone, and fine-grained clayey limestone in northern Mississippi and eastern Arkansas. There are some unconfirmed reports of echinoid occurrences in the argillaceous Porters Creek Formation, Zone NP3 to NP4 (Danian-Selandian) (Mancini and Tew, 1991) . The echinoidbearing but isolated and fault-bound Salt Mountain Limestone outcrop in Alabama is correlated with the Nanafalia Formation, Zone NP5 through NP8 (Selandian-Thanetian) and roughly equivalent to the Vincentown Formation. The Salt Mountain Limestone is predominantly a dense, chalky, coralline limestone, coarser near the exposed base where it grades into a bioclastic limestone with algal, foraminiferal, and echinoderm skeletal debris. Disarticulated echinoid plates and spines are ubiquitous in calcareous portions of the Clayton Formation in northern Mississippi, and complete material has been collected from the Clayton Formation in Arkansas. In Texas, the argillaceous lower Kincaid Formation, ranging from Zone NP1 to NP2 (Danian), is the source of a single echinoid specimen, but its calcareous facies, the Tehuacana Limestone, which is correlated with Zone NP3 (Davidoff and Yancey, 1993) , contains rare entire tests and uncommon disarticulated echinoid plates and spines. The glauconitic sand of the Wills Point Formation (Danian) is the source of a few very fragile echinoids in central Texas. These latter specimens are interesting because they retain the original high-magnesium calcite and stereom structure of the original test (Zachos, 2008) . Zachos-Paleocene echinoids 1003 1915 Clark in Clark and Twitchell, p. 46, pl. 9, figs. 4a, b, 5a-f, 6. 1941 Cidaris splendens (Morton) part; Cooke, p. 5. 1959 Cidaris splendens; Cooke, p. 9, pl. 1, fig. 10. 1959 Cidaris sp. aff. C. splendens; Cooke, p. 10, pl. 1, fig. 11. 1977 Cidaris splendens; Toulmin, p. 177, pl. 9, fig. 4. 1997 Cidaris sp. Carter, p. 47, pl. 1, figs. 1a-c, 2. 2000 Smith and Jeffery, p. 36, text-fig. 12e, f.
Types.-Holotype ANSP 1454, from the Vincentown Formation, Timber Creek, New Jersey.
Description.-Five or six large interambulacral plates per column. Large, perforate, primary tubercles set in wide, circular areoles. Narrow adradial and interradial zones with small granules. Single series of equant, round pores in each ambulacral column; plating simple. Primary spines long, cylindrical with labyrinthine core and outer cortex, and serrated ribs. Cooke, p. 6. 1959 Tylocidaris walcotti; Cooke, p. 12, pl. 1, figs. 7-9. 2000 Tylocidaris sp. indet. Smith and Jeffery, p. 14.
Types.-Holotype ANSP 1451, from the Vincentown Formation, Timber Creek, New Jersey.
Description.-Test small. Ambulacra narrow. Primary tubercles imperforate, set in medium, smooth areoles, separated, much of interambulacral plates covered in small, equally sized granules. Ambulacral plating simple. Spines fusiform, ribbed, thorned.
Additional material.-USNM 18828, figured by Cooke (1959) and USNM 648534, both from the Vincentown Formation, Blackwoodstown, New Jersey (exact locality unknown).
Occurrence.-Vincentown Formation, Timber Creek and Blackwoodstown, Camden County, New Jersey (exact localities unknown).
Remarks.-Description is based on the original published description. Smith and Jeffery (2000) singled out this species as indeterminate, but this does not invalidate the name.
All fragmentary material attributable to Tylocidaris from the Vincentown Formation is here assigned to this nominal species. Cooke, 1959 Figure 4.4-4.6 1959 Tylocidaris macneili Cooke, p. 12, pl. 1, figs. 3-5.
Tylocidaris macneili
Types.-Holotype USNM 562262a, paratypes (spines) USNM 563362b, c. All from the Clayton Formation, Henry County, Alabama.
Description.-Test small. Ambulacra narrow, plating simple. Primary tubercles imperforate, set in medium, smooth areoles, separated, much of interambulacral plates covered in small, equally sized granules. Spines fusiform, nodose, ribbed, ribs discontinuous and convergent towards tip, finely toothed.
Occurrence.-Clayton Formation, Henry County, Alabama (UTM Zone 16, E 671,3565 m, N 3,509,113 m, NAD83).
Remarks.-Description is based on the original description.
Only known with certainty from this one locality, but all strongly nodose spines from the Clayton Formation are here attributed to this nominal species. Smith and Jeffery (2000) synonymized this species with T. hardouini (Desor, 1858) , a species based entirely on spines with a distinctly clavate or club-like shape, but the spines of T. macneili are significantly different, being much more fusiform than clavate. Description.-Test small, slightly rounded above and flattened aborally. Apical disc rounded,~70% of test diameter, low in profile. Small but distinct pits along genital-genital and genitalocular plate sutures. All apical disc plates with a characteristic radial pattern of granules. Periproct subtrigonal, at juncture of genital plates 1 and 5 and suranal plate. Ambulacra strictly bigeminate with hardly any pore crowding adorally. Columns of primary ambulacral tubercles separated by about the diameter of one tubercle; secondary tubercles discernible perradially. Interambulacra with five or six plates in a column. Interradial zone narrow with few granules outside the scrobicular ring. Peristome~40% of test diameter, weakly notched.
Occurrence.-Vincentown Formation, Timber Creek near Vincentown (exact locality unknown). Other localities in New Jersey were listed by (Cooke, 1959) .
Remarks.-Description is based on the original published description. The stellate patterns of granules on the apical disc plates are distinctive and clearly differentiate S. tumidula from other Paleocene species. Cooke (1941) remarked that S. tumidula and S. bellula, the latter not seen by him but judged from published figures, did not seem to be convincingly different. Cooke (1959) , after study of types of both species, synonymized them. There are a number of specimens across a range of sizes in the USNM collection showing gradation in the ornamentation of the plates of the apical disc, the main character originally used to distinguish the two species, and this synonymy is accepted here. Clark's (1891) description of S. tumidula appears one paragraph before S. bellula and so has priority. Figure 4 .10, 4.11, 4.13, 4.14 Etymology.-Named for the old (now abandoned) settlement of Palmyra, Alabama.
Salenia palmyra new species
Remarks.-The presence of smooth apical plates readily distinguishes this species from S. tumidula. Carter (1997) attributed three small test fragments collected from the Salt Mountain Limestone to Salenia? sp., but the figured plates lack the secondary tubercles observed on both S. palmyra n. sp. and S. tumidula. These fragments are indeterminate and no other species of Salenia are known from the Paleocene of the eastern United States.
Order Temnopleuroida Mortensen, 1942 Family Glyphocyphidae Duncan, 1889 Genus Echinopsis Agassiz, 1840
Type. Remarks.-Description is based on the original published description. Cooke (1941, 1959) reported ocular I to be insert, confirmed by observation here, as shown by the drawing in Figure 6 .
Order Phymosomatoida Mortensen, 1904 Family Phymosomatidae Pomel, 1883 Genus Gauthieria Lambert, 1888
Gauthieria speciosa (Clark, 1891) Figure 5 . Description.-Small, circular, relatively flat, very slight invagination of oral surface. Apical disk large, pronged posteriorly, details of apical disc unknown. Ambulacra about half as wide as interambulacra, pore pairs linear for most part, a little arcuate above the ambitus; quadrigeminate, phymosomatoid compounding, becoming trigeminate near apical disc. Peristome about a third of test diameter, circular, weakly notched. Primary tubercles imperforate, crenulate. Remarks.-Description is based on the original published description. The Georgia specimen differs from the New Jersey Diagnosis.-Imperforate, non-crenulate tubercles below the ambitus, peg-like pustules above, with vertical epistromal ridges linking larger pustules. Slight buccal notches, well-developed tags, single perradial sphaeridial pit.
Description.-Small. Primary tubercles imperforate and noncrenulate, one to each ambulacral plate, two to each interambulacral plate, restricted to area below ambitus; smaller, peg-like pustules aborally, in oblique linear sets, usually one per ambulacral plate, three per interambulacral plate, vertical epistromal ridges link larger pustules. Ambulacra trigeminate, apparently throughout (but preservation obscures some of the ambulacra), pores equal sized, arbacioid compounding.
Peristome large,~60% of diameter, slight buccal notches, welldeveloped tags, single perradial sphaeridial pit. Remarks.-A single specimen with broken and incomplete aboral surface was found just above the paraconformity between the Upper Cretaceous Prairie Bluff Chalk and the Paleocene Clayton Formation. The incompleteness of the specimen, in particular the complete lack of genital plates, precludes a complete description of the species and definitive generic assignment. It is left in open nomenclature pending discovery of additional material. Because of the overlap of the interambulacral tags, a primibasal plate is not discernible, nor is a single primary tubercle, evidence that this is not a species of the closely related genus Podocidaris. Additionally, there is uncertainty as to the validity of the genus Arbaciella itself (Kroh et al., 2012) , further justifying the indefinite generic assignment of this species.
Order Cassiduloida Agassiz and Desor, 1847 Family Pygaulidae Lambert, 1905 Genus Plagiochasma Pomel, 1883 Cooke (1959) and Toulmin (1977) .
Remarks.-The description is expanded on the basis of new material from Alabama. Cooke (1959) erected the genus Rhopostoma based on the lack of well-defined petals and the poor development of the phyllodes to distinguish this genus, which he considered to be an echinoneoid, from the cassiduloid genus Trematopygus ( = Plagiochasma). Even though d'Orbigny (1853-1856) stated the publication date of his new genus Trematopygus as 1855, Sherwood (1899) reported that the actual publication date was . Melville (1952 pointed out that the name Trematopygus d'Orbigny was preoccupied by Trematopygus Holmgren (an olive fly). However, although the stated publication date of Holmgren's genus is 1855, the actual publication date seems to be 1858 (Holmgren, 1858) . Regardless, the currently accepted date is 1855 (Hinz, 1985) , and Trematopygus d'Orbigny is considered invalid. Plagiochasma, considered a junior synonym of Trematopygus by Lambert and Thiéry (1921) , was therefore reinstated by Melville (1952) . Cooke (1959) stated that the posterior ocular plates were not in contact in Rhopostoma ( = Plagiochasma) cruciferum, but this is clearly not the case (Fig. 8.4, 8.5 ).
Smith and Kroh (2011) figured a specimen of Plagiochasma cruciferum from the NHM collection (NHM EE4686) reportedly from the Merchantille Formation, Chesapeake and Delaware Canal, St. Georges County, Delaware. The collections made from this canal are from Cretaceous units and the Merchantille Formation is considered to be Campanian in age, not Paleocene (Lauginiger, 1988) . No other specimens are known from this locality.
Family uncertain Genus Gitolampas Gauthier, 1889
Gitolampas georgiensis (Twitchell, 1915) Figure 7. th pair of post-basicoronal plates below the ambitus and the 6 th pair above (obscured by plate fractures in Fig. 7.6 ), vertical, taller than wide, indents posterior margin. Aboral and marginal surface covered in small, sunken tubercles interspersed with fine granules; tubercles larger on oral surface, increasing in size and decreasing in density towards peristome, but denser and smaller within area of the floscelle, fading into granules on the bourrelets; narrow, naked sternal area. Cooke (1959) and Toulmin (1977) .
Remarks.-The description is expanded based on new material from Alabama. Cooke (1959) placed ?Cassidulus (Galerolampas) fontis Cooke (1959) in synonymy with this species, but the type of C. fontis has better developed bourrelets and a transverse peristome (with no evidence of the crushing of the periproctal region described by Cooke). The type of C. fontis (USNM 498997) was recovered from well washings originating from an unknown depth and formation. It was included in a larger lot of fossils, the remainder of which are now unfortunately lost. Cooke (1959) described the type of G. georgiensis (USNM 165683b) as a siliceous pseudomorph. The specimen is actually recrystallized calcite, though eroded on the aboral surface. Many of the specimens from the vicinity of Luverne, Alabama (some collected from now abandoned shallow open pit iron mines) are internal molds composed of hematite. A few specimens are beautiful replacements of the original calcite test with hematite.
Gitolampas georgiensis is one of the most common echinoids found in the Clayton Formation in Alabama.
Order Holasteroida Durham and Melville, 1957 Family Holasteridae Pictet, 1857 Subfamily Pseudholasterinae Smith and Jeffery, 2000 Genus Pseudholaster Pomel, 1883
Pseudholaster cinctus (Morton, 1830a) Figure 7 .7, 7.8 (Cooke, 1959) .
There is little to add to Cooke's (1959) description. The deep anterior sulcus and protosternous plating of P. cinctus are basis for its placement in Pseudholaster rather than Holaster.
Morton's (1830a) species Ananchytes cinctus and A. fimbriatus were synonymized by Clark (1891) Type.-There were two specimens with the identification USNM 559479 in the Smithsonian collection. Clark in Clark and Twitchell (1915) , figured as the type the specimen with damage to the aboral portion of interambulacrum 4. This is the same specimen figured by Cooke (1959) as a cotype, and is here designated the lectotype, with a new catalog number USNM 636366. The other specimen, with damage to the posterior of the test, has the new catalog number USNM 636367. Both specimens are from the Vincentown Formation, Vincentown, New Jersey.
Description.-Outline ovate, profile domal with nearly flat oral surface, rounded margin, protruding somewhat around the submarginal periproct. Apical disc elongate, four gonopores, paired genital plates in contact, anterior pair separated from posterior by ocular plates; genital 2 (with madreporite) largest, genital 3 smallest plate. Ambulacra subpetaloid, pores elongate, pairs transverse near apical disc, becoming progressively more oblique towards margin, anterior pair diverge at 150º, posterior pair diverge at 60º. Peristome transverse, oval, inclined, in the anterior third of the test. Plastron meridosternous. Primary tubercles small, sparsely scattered, denser aborally towards posterior margin; denser on oral surface except posterior paired ambulacra naked. No fascioles.
Additional material.-UF 68910, from the Clayton Formation, Wilcox County, Alabama. Remarks.-Description is based on the original description. The UF specimen from Alabama is somewhat crushed and missing the apical area but in other respects is indistinguishable from material from the Vincentown Formation of New Jersey. (2000) Description.-Medium, ovate, rounded, widest and slightly emarginate anteriorly, apex near posterior end. Apical disc posterior of center, ethmophract, four genital pores, lateral pairs closer. Anterior ambulacrum shallowly depressed, uniserial series of paired zygopores to just above peripetalous fasciole, outer pores larger than inner, separated by large tubercle or bead, interporiferous surface covered with fine granulation. Anterior petals about three times length of posterior, broadly flaring near distal tips, nearly closed, slight anterior flexure, diverge at 90º; posterior petals short and broad, also diverge at 90º. All petals shallowly depressed, pores elongate, nearly equal, conjugate, interporiferous zones slightly wider than poriferous. Periproct oval, vertical. Peristome is anterior third, reniform, distinctly lipped. Complete peripetalous fasciole, no lateral fasciole. Ambulacral plates are slightly reduced where crossed by the fasciole, but not pinched to the degree characteristic of Holanthus. Primary tubercles small aborally, larger and less dense orally; posterior paired ambulacra naked. Labrum short, contacting sternal plates.
Smith and Jeffery
Additional material.-USNM 29472, from the Vincentown Formation, Burlington County, New Jersey.
Occurrence.-Vincentown Formation, Timber Creek, Gloucester County, New Jersey (exact locality unknown). Rancocas Creek, Vincentown, Burlington County, New Jersey (UTM Zone 18, E 520,995 m, N 4,421,446 m, NAD83).
Remarks.-Description is based on the original description. Hemiaster parastatus is readily distinguished from H. stella, a sympatric hemiasterid in the Vincentown Formation, by its larger size and anterior emargination (which is not deep enough to merit the term notch).
Hemiaster stella (Morton, 1830a) Figures 9.2, 9.4, 10
Description.-Small, ovate to nearly circular, apex near posterior end, sloping anteriorly, posterior truncated, no anterior emargination. Apical disc posterior of center, ethmophract, four genital pores, all evenly spaced. Anterior ambulacrum very shallowly depressed, narrower than petals, paired zygopores above peripetalous fasciole, pore nearly equal size, separated by wall-like bead. Petals broad and very shallowly depressed, anterior petals more than twice length of posterior, straight, anterior pair diverge at 120º, posterior pair diverge at 90º, pores elongate, nearly equal size, interporiferous zone narrower than poriferous. Periproct small, barely visible from above. Peristome in anterior third of test, semicircular, elongate, lipped. Peripetalous fasciole complete, somewhat irregular, unindented. Labrum long, expanding posteriorly, contacts asymmetric, obliquely sutured sternal plates (Fig. 10) . Primary tubercles small aborally, larger and less dense orally, posterior ambulacra naked orally. Remarks.-The description is expanded based on new material from Alabama. This species is locally common in the Clayton Formation (Danian). Although superficially similar to small specimens of Linthia alabamensis, the two species are not found together in the Clayton Formation and apparently occupied different habitats. For this study, no comparison was made directly with European material attributed by or Smith and Jeffery (2000) to this species.
Family Micrasteridae Lambert, 1920 Genus Diplodetus Schlüter, 1900 Diplodetus moscovensis (Cooke, 1959) Figure 9 . Remarks.-Description is based on the original description.
As noted by Smith and Jeffery (2000) , there is no indication of a subanal fasciole on the type, but this portion of the test is badly worn and damaged. Reported from "Bed 3, Porters Creek Formation", but internal matrix is unlike any of the Porters Creek (late Danian) at Moscow Landing and appears to be identical with the Prairie Bluff Chalk (Maastrichtian) lithology seen in the lower part of the section below the exposed Cretaceous/Paleogene contact. This specimen is most likely from the Prairie Bluff Chalk, either by collection or as a reworked specimen. The station identifier (USGS 5658) on the original label suggests the specimen was collected by T.W. Vaughan prior to the description of the section by Stephenson (1915) . The only stratigraphic notation on the label is "Bed 3". Smith et al. (1894) described the section at Moscow Landing, and here Bed 3 was described as a ledge containing the mollusk Gryphaea vomer, which was corrected by Smith (1910) to Ostrea pulaskensis ( = Pycnodonte pulaskensis), a guide fossil to the lower Clayton Formation (early Danian). Large numbers of P. pulaskensis are found just above the Cretaceous/ Paleogene contact at Moscow Landing. The type of Hemiaster moscovensis is distinguishable from the type of Micraster ( = Diplodetus) americanus (Stephenson, 1941) , from the Corsicana Marl (Maastrichtian), Bexar County, Texas, primarily by slight differences in the depth of the ambulacral depressions and the flexure of the petals. Otherwise, the similarities are so striking that even with lack of information regarding the presence or absence of a subanal fasciole this species is assigned to Diplodetus. A steinkern attributable to D. americanus (MMNS 5336) was collected from the Prairie Bluff Chalk at Prairie Bluff, Wilcox County, Alabama (UTM Zone 16, E 462,056 m, N 3,555,388 m, NAD83) and D. americanus is known from other Prairie Bluff Chalk localities in Mississippi, and is also reported from the Coon Creek Member of the Ripley Formation (Maastrichtian) in Tennessee (Ciampaglio and Phillips, 2016) .
Family Schizasteridae Lambert, 1905 Genus Linthia Desor, 1853
Linthia alabamensis Clark, 1915 Figures 9.5, 9.7-9.9, 11.1-11.4, 13 Description.-Small to medium size, subcircular, wider than long, indented anteriorly and posteriorly; fairly tall, apex behind apical disc, oral surface flat and unkeeled, margins rounded. Apical disc ethmolytic, four genital pores, lateral pairs distinctly closer; plating variable but genital plate 4 usually occluded from genital 2 by posterior elongation of genital 3 (Fig. 11.1-11. 3), sometimes not (Fig. 11.4) . Ocular III deeply inserted, interambulacral plates 2b and 3a occluded from ocular by ambulacral plates. Anterior ambulacrum depressed, shallowly near apical disc, but sulcus deepens towards anterior margin, then shallows to peristome; uniserial series of pore pairs, outer pores larger than inner, separated by single tubercle proximal to the ocular, tubercles lacking distally, very slightly oblique. Anterior petals straight to slightly flexed, diverge at 120º-130º, somewhat wider in small (juvenile) specimens, posterior petals straight, about 80 percent length of anterior, diverge at 60º; interporiferous zones about as wide as poriferous, pores conjugate, elongate and unequal, outer pores larger. Periproct marginal, sloping forward and visible from above, taller than wide. Peristome reniform, lipped, in anterior quarter of test; labrum short, contacts sternal plates. Peripetalous fasciole deeply indented, parallels anterior petals for about three quarters of their length. Lateral fasciole branches near tips of anterior petals without offset. Tubercles small and densely spaced aborally, larger along margin of anterior ambulacrum; larger and less dense orally, with asymmetric areoles, posterior ambulacra naked. E 647, 011 m, N 3, 340, 004 m, NAD83) . Other localities in Alabama and Arkansas (Clayton Formation) listed by (Cooke, 1959) and (Toulmin, 1977) .
Remarks.-Description is expanded based on new material from Alabama, Arkansas, and Texas. The unequal lengths of the anterior and posterior petals (the posterior petals have an average plate count~74% that of the anterior petals) suggests that this species could be assigned to Schizaster rather than Linthia, but the structure of the apical disc is unlike that typically seen in Schizaster, and consideration of reassignment will require further study and evaluation of other related species.
Most morphological details of the type of Linthia maverickensis are obscured by matrix, but it does not differ substantially from other small specimens of L. alabamensis and on this basis the synonymy with L. alabamensis by Cooke (1942) is justified. Isolated occurrences of specimens substantially smaller than the type of L. alabamensis are found in Texas, Mississippi, and Alabama. Several lots in the UF collection, totaling several hundred specimens, were collected from the Pine Barren Member at the base of the Clayton Formation (early Danian) on Mussel Creek, Lowndes County, Alabama. The specimens range from 11-15 mm in length and are juveniles based on the poor development of the anterior sulcus, low total pore count in the petals, and reduced numbers of hydropores in the madreporite (Fig. 11.2-11.4 ), but all have fully developed genital pores and were apparently sexually mature. They are, in fact, very similar to specimens of L. variabilis (Slocum, 1909) collected from the Ripley Formation (Maastrichtian) at Pontotoc, Mississippi, although lacking the small tubercles or beads in the anterior ambulacrum characteristic of L. variabilis, and with more widely divergent petals. The in situ occurrence of these small L. alabamensis just above the Cretaceous/ Paleogene boundary suggests progenetic maturity in a population representing a recovery fauna. Smith and Jeffery (2000) placed this species in synonymy with Paraster sindensis (Duncan and Sladen, 1882) . The drawings in the original description are of little value in a comparison of the species, although the drawing of the plates of the apical disc indicates a similarly deep insertion of ocular plate III and occlusion of interambulacral plates 2b and 3a. The location of the holotype is not known but may be in the Duncan and Sladen collections of the Indian Museum, Kolkata. The specimen of P. sindensis figured by Jagt (2000) differs from L. alabamensis in the relative lengths of the petals, the deeper and narrower anterior sulcus, and the much less inflated outline and lack of shoulders in the posterior interambulacra. Clark, 1891 Figures 9.10-9.12, 12.1, 12.4 1891 Linthia tumidula Clark, p. 77. 1893 Linthia tumidula; Clark, p. 91. 1907 Linthia tumidula; Weller, p. 304, pl. 18, figs. 1-9. 1915 Linthia tumidula; Clark in Clark and Twitchell, p. 99, pl. 53, figs. 1a-i. 1942 Schizaster (Linthia) tumidulus; Cooke, p. 41.
Linthia tumidula
Types.-Lectotype AMNH 8954, from the Vincentown Formation, Vincentown, New Jersey. No holotype was designated by Clark (1891) or in any subsequent publications. Other cotypes indicated by Clark (in Clark and Twitchell, 1915) as residing in the Boston Society of Natural History and Johns Hopkins University collections are now missing.
Description.-Test oval to slightly cordiform, narrow anterior sulcus; base relatively flat, test tall, apex posterior of apical disc.
Apical disc ethmolytic, four equal-sized genital pores. Petals depressed, narrow, anterior pair longer than posterior and extending nearly to margin; pores conjugate, oval, nearly equal-sized. Anterior ambulacrum depressed, narrow; pores in two single series, individual pore pairs inset, separated by faint stereom wall. Anterior petals widely diverging 150°, posterior pair narrowly diverging 40°. Surface covered by fine primary tuberculation, tubercles larger on margin and oral surface, oral posterior ambulacra naked. Peristome transverse, reniform, lipped. Periproct small, oval, marginal, not visible from above. Peripetalous fasciole passes at tip of anterior petals and forms a distinct zig-zag pattern in the posterior paired interambulacra, meeting lateral fasciole such that the three shared angles all approach 120°.
Additional material.-USNM 488624, USNM 488772, USNM 540913, USNM 636364, all from the Vincentown Formation, Vincentown, New Jersey.
Occurrence.-Vincentown Formation, Vincentown, New Jersey (exact locality unknown).
Remarks.-Description expanded based on new material from New Jersey. Clark (in Clark and Twitchell, 1915) listed specimens in the American Museum of Natural History, the Boston Society of Natural History, and Johns Hopkins University. The AMNH has a specimen listed as a syntype and this is hereby designated as the lectotype. The Harvard Museum of Comparative Zoology, which received much of the Boston Society material, lists three specimens in the catalog (HMCZ IPEC-3941), but these were reportedly collected from Alabama, and are now lost. The Johns Hopkins collection was moved to the Smithsonian, but Cooke (1942) stated that no specimens were found in the NMNH collections, and that the type was in the AMNH. It was not included in the list of species from the Vincentown in Cooke (1959) , but several previously unidentified specimens have been found in the collection. According to specimen labels, all of these were collected long after Clark's description of the species.
Linthia prima (Cooke, 1942) Figure 12. Remarks.-Description is based on new material from Alabama. Although the type of Linthia prima is a steinkern (with a small amount silicified aboral test preserved), it is strongly characterized by the four genital pores, high anterior portion of the test, and pore patterning in the anterior ambulacrum. A number of schizasterid echinoid specimens agree closely in these details while differing significantly from other Linthia species in the collections. These are referred to L. prima, which is redescribed on the basis of this new material.
Genus Ova Gray, 1825
Ova rancoca new species Figures 12.2, 12.3, 12.5, 12.6, 12.8, 12.9, 13.2 Types.-Holotype USNM 540894, paratypes USNM 488623, USNM 488773, and USNM 636365, from the Vincentown Formation, Vincentown, Burlington County, New Jersey.
Diagnosis.-Test oval, slightly cordiform; tallest behind apical disc. Apical disc nearly central, ethmolytic, two large genital pores. Anterior ambulacrum in deep, narrow sulcus, petals straight, in deep, narrow depressions, anterior petals longer than posterior. Peripetalous fasciole deeply indented; lateral fasciole branches from peripetalous fasciole after it bends inward from tip of petal to form a distinct offset.
Description.-Test oval, slightly cordiform; tallest behind apical disc, sloping towards anterior to a greater or lesser degree, posterior interambulacral plates form distinct ridge along meridional suture; oral surface slightly convex, with little or no keel. Apical disc nearly central, ethmolytic, two large genital pores, anterior genital plates imperforate. Anterior ambulacrum in deep, narrow sulcus, pore pairs unequal, outer pore largest, inner pores vestigial. Petals straight, in deep, narrow depressions, anterior petals two and a half times longer than posterior, anterior pair diverge at 120º, posterior pair at 55º-60º; pores elongate, conjugate, nearly equal in size; interporiferous zones narrower than poriferous zones. Periproct marginal, vertical, taller than wide. Peristome in anterior third of test, oval, wider than tall, no apparent lip. Labrum small and short, contacts sternal plates. Sternal plates large, about two-thirds of test length. Large phyllode pores surrounding peristome. Peripetalous fasciole deeply indented, parallels anterior petal for three quarters of its length, crosses above periproct near apex; lateral fasciole branches from peripetalous fasciole on interambulacral plate 5 after it bends inward from tip of petal to form a distinct offset ( Fig. 13.2) . Tubercles small aborally, larger along margin of anterior ambulacrum; larger and more scattered orally, with asymmetric areoles in paired interambulacra; posterior ambulacra naked orally.
Etymology.-Named for Rancocas Creek, source of much of the Vincentown material. Remarks.-Superficially resembles Linthia alabamensis (Clark, 1915) , but readily distinguished by two rather than four genital pores and the distinctive offset branching of the peripetalous and lateral fascioles ( Fig. 13. 2) as compared with L. alabamensis ( Fig. 13.1) . The posterior petals of O. rancoca n. sp. are proportionately shorter than those of L. alabamensis.
Discussion
Smith and Jeffery (2000) pointed out the need for careful taxonomic treatment based on informative morphologic characters. In this study, revision of taxonomy as well as study of undescribed material has led to retention of several names synonymized by Smith and Jeffery (2000) and thus a higher degree of splitting of species than that employed by them. In particular, a distinction is made between European (and African) species and those of North America. It has long been noted (Gregory, 1892; Stefanini, 1924) that the fossil record of the early Cenozoic indicates significant Figure 12 . Linthia tumidula Clark, 1891 from the Vincentown Formation, New Jersey (exact locality unknown): (1) USNM 488624, aboral; (4) USNM 488624, profile. Ova rancoca n. sp. from the Vincentown Formation, Vincentown, Burlington County, NJ: (2) USNM 636365, paratype, aboral; (3) USNM 636365, paratype, detail of apical disc; (5) USNM 540894, holotype, aboral; (6) USNM 540894, holotype, oral; (8) USNM 540894, holotype, profile; (9) USNM 488623, paratype, posterior. Linthia prima (Cooke, 1942) migration of echinoid genera from east to west across the Atlantic Ocean, but rarely in the other direction. The expectation is that while there may be genera common to both the eastern and western hemispheres, it is probable that genetic drift would rapidly split any immigrant species in North America into separate clades. The expanding Atlantic Ocean basin was likely a significant biotic barrier at the beginning of the Paleocene, becoming more so over time.
Nearly all of the echinoid occurrences in the eastern North American Paleocene are in carbonate rocks. These are generally coarse-grained, and in the case of the Vincentown Formation (Thanetian) in New Jersey and the Clayton Formation (Danian) exposed in western Georgia and eastern Alabama comprise bryozoan and coralline algal debris. The fault-bound exposure of Salt Mountain Limestone (Thanetian) in Alabama represents a coral reef buildup, although the echinoids (mostly spines and test fragments) are found in the detrital fore-reef deposits. What paleoecological differentiation there is between the southern faunas of the Gulf Coast (mostly Danian) and the northern faunas of the Atlantic Coast (Thanetian) is obscured by the differences in age. Furthermore, the lack of any definite Selandian echinoid occurrences in eastern North America inhibits any study of the transition between these two main faunal groups of echinoids. Finally, although echinoids are common at a very few local sites, these occurrences are generally monospecific, and echinoids are rare overall from these Paleocene rocks and not often found in situ. This has proven a serious impediment to paleoecologic studies. What is clear is that the Danian in the Gulf Coast region represents a period of faunal recovery following the catastrophic end of the Cretaceous, an effect perhaps enhanced by proximity to the Chicxlub impact, which is emphasized by the low diversity and paucity of the echinoid fauna. One aspect of the diversity indicative of recovery is that the majority of the species are epibenthic (or semi-infaunal) forms, either regular urchins, or irregular urchins, lacking fascioles, whose modern representatives are epibenthic. Paleocene carbonate platforms were dominated by bryozoan and coralgal communities (Scheibner and Speijer, 2008) , and Kroh ( , 2003 noted a preference of epibenthic forms from the Danian of Austria for coralline-algae dominated carbonate environments and a similar preference could be at play in the faunas studied here.
